Total phenol content and the antioxidant activities of three cultivars of Opuntia ficus-indica (L.) Mill. were evaluated. The results show that the ecotypes were significantly different according to their fatty acid composition, antioxidant and antibacterial activity, as well as their polyphenol profiles. Rossa fruit collected in August exhibited the higher phenolic content (15.48 mg GAE g −1 DW) with a stronger antioxidant activity. Bianca fruit collected in August exhibited a lower phenolic content (3.13 mg GAE g −1 DW) together with the stronger antiradical activity (96.14%). The advantage of this ecotype was more discernible as compared to positive controls butylated hydroxytoluene (BHT, 79.75%). Likewise, CpG chromatogram identification revealed also an important difference between the ecotypes on oleic and linoleic acids.
INTRODUCTION
Opuntia ficus-indica are an important source of alimentary nutrients and vitamins (Sawaya et al., 1983; Teles et al., 1984) . The fruits are eaten fresh, dried or preserved in jams, syrups or processed into candy-like products (Hoffman, 1980) . Their juices are sometimes fermented, either into ethanol or wine and other beverages or used in food flavourings and colourings (Bustos, 1981; Retamal et al., 1987; Saenz, 1996; Gurrieri et al., 2000) . Cactus pear could have a double application, both becoming an option for obtaining natural colouring features and providing health benefits through its antioxidant function (Stintzing and Carle, 2004; Tesoriere et al., 2005) . It has been reported that the extracts of fruits and stems exhibits hypoglycemic (Ibañez-Camacho and Roman-Ramos, 1979; Trejo-Gonzalez et al., 1996 ) anti-ulcer, (Galati et al., 2001 , and anti-allergic actions . In addition, Park et al. (1998) reported analgesic and antiinflammatory actions of the fruit and stem extracts. Recently, the methanol extract of O. ficus-indica fruits was shown to inhibit free radical-induced neuronal injury in mouse cortical cultures (Wie, 2000) .
Furthermore, it was shown that cactus pear seed is rich in oleic acid (C18:1) and linoleic (C18:2) acids (16.7 and 70.3%, respectively), which representing 87% of the total fatty acids (Ennouri et al., 2005) . At the beginning of the 19th century, commercial populations were established on the island of Sicily to meet the increasing demand for late-ripening fruits, produced through "scozzolatura". This technique consists of removing the flowers and cladodes spring flush to get a second bloom, causing the fruits to ripen in October to November, 2 to 3 months later than the summer crop (Barbera 1992; . It has been demonstrated that the great biodiversity in fruit colours (red, orange, purple, pink, yellow, and lime-green) , results in great potential for the flat stemmed Opuntias in arid lands (Griffiths and Hare, 1907; Pimienta, 1990 ; Barbera et al., 1995; Inglese et al., 1995; Parish and Felker, 1997) . Cultivars for fruit production can be distinguished by the colour of the fruit, peel and the ripe flesh, which can be red-purple, yellow-orange, whitecream, or greenish-white flesh. Cultivars also differ in plant shape, vigour, fertility, cladode and fruit size, fruit ripening time, seed count and ability to reflow (Wessels, 1988; Pimienta, 1990; Barbera, 1993) . Interestingly, some works reported the presence of phenolic compounds in fruit samples of cactus pears (Kuti, 2000; Morales et al., 2007) . Polyphenols constitutes the main powerful compound, on account of their multiple applications in food industry, cosmetic, pharmaceutical and medicinal materials (Maisuthisakul et al., 2007) .
Structurally, phenolics embrace an aromatic ring, bearing one or more hydroxyl substituent, and range from simple phenolic molecule to highly polymerised compounds (Bravo, 1998) . In addition to their role as antioxidant, these compounds exhibit a wide spectrum of medicinal properties, such as anti-allergic, anti-artherogenic, anti-inflammatory, anti-microbial, anti-thrombotic, cardio-protective and vasodilatory effects (Balasundram et al., 2006) . The literature reports few scientific studies regarding the presence of phenols or other antioxidant compounds in cactus pear fruits. In fact, the purple cultivar has the highest concentration of total phenols, at approximately 660 mg/l juice (Stintzing et al., 2005) . Other studies have identified the presence of flavonoids as flavonol glycosides, amongst which significant amounts of isorhamnetin-3-rutinoside, rutin and kaempferol-3-rutinoside were found in a blend of yellow and red cultivars (Galati et al., 2003) . Besides, according to Wallace (1986) , flavonoids content in Opuntia fruits vary with variety, tissue type, and maturation. Subsequently, previous studies have shown that plant polyphenolics, antioxidant and antimicrobial activities depend significantly on biological factors (genotype, organ and ontogeny), as well as, edaphic and environmental (temperature, salinity, water stress and light intensity) ones (Lisiewska et al., 2006) .
The objectives of this study were to investigate antioxidant activities using different tests, to estimate the antimicrobial capacities against human pathogen strains that may be from food poisoning microorganisms, and to quantify and identify the fatty acid present in O. ficusindica fruits.
MATERIALS AND METHODS

Chemical and reagents
Folin-Ciocalteu reagent, butylated hydroxytoluene (BHT), nitroblue tetrazolium (NBT), phenazine methosulfate (PMS), vanillin, nicotinamid-adenin-dinucleotid (NADH), 1,1-diphenyl-2picrylhydrazyl (DPPH), sodium bicarbonate (NaCO 3 ), and nitrite sodium (NaNO 2 ) were purchased from Sigma-Aldrich (GmbH, Sternheim, Germany). Authentic standards of phenolic compounds (gallic acid and catechin) were purchased from Sigma and Fluka (Buchs, Switzerland).
Plant sampling
Three O. ficus-indica cultivars of different colours (Rossa, Gialla, Bianca) were used in this study (Photo 1). Fruits were harvested in August [Rossa Fruit of August (RFA), Gialla Fruit of August (GFA) and Bianca Fruit of August (BFA)], and in November [(Rossa Fruit of November (RFN), Gialla Fruit of November (GFN) and Bianca Fruit of November (BFN)] in the same year (2009) when "scozzolatura" is applied at full ripening in Kasserine locality (286 km center-west Tunis; semi arid bioclimatic stage; mean annual rainfall: 335 mm/year). The samples were rinsed with distilled water then freeze-dried and ground to a fine powder and stored at -20°C until analysis began.
Extraction of total lipid because soxhlet method is more efficient
To determine de oil content the ISO 659-1988 (E) procedure was used. Soxhlet extractions were performed using 40 g of cactus. The amount was transferred in a 33×100 cellulose thimble and placed in the extraction chamber of a 200 ml capacity Soxhlet apparatus. The cellulose thimble was plugged with cotton in order to avoid transfer of sample particles in the distillation flask fitted with a condenser, placed on a 500 ml distillation flask containing 300 ml of solvent and 3 boiling glass regulator. Samples were thus, extracted under reflux with n-hexane during 4 h (18 to 22 cycles/h). Thereafter, the cellulose cartridge was cooled to room temperature in a desiccators and its content was then milled before being transferred again in the thimble. The described procedure was thus repeated within 2 h until a total extraction of 8 h (4 + 2 + 2 h). After the extraction, the major solvent was eliminated in a vacuum rotary evaporator. The content was then transferred in a smaller tarred flask and concentrated to dryness with a vacuum rotary evaporator during 1 h at 80°C before cooling again in desiccators for 1 h. The flask was then weighed and the operation repeated during 30 min until difference between two consecutive weights was less than 10% (m/m). Extractions were performed at least three times and the mean values were reported. Results obtained were expressed as described hereinafter:
Weight of oil obtained after extraction % Oil content = × 100 Weight of dry sample
Analysis of fatty acid composition
Fatty acid methyl esters (FAMEs) of the studied oil samples were prepared based on a method described by Parish and Felker (1997) . Briefly, 0.1 g of oil was weighed in a 20 ml test tube (with screw cap). The sample was dissolved in 3 ml of hexane, and 0.5 ml of potassium hydroxide (2N) in methanol was added. The test tube was capped and vortexes for 30 s. The mixture was centrifuged at 402 × g for 10 min, and the extracts was transferred to a 2 ml auto sampler vial, and analyzed using gas chromatography.
Gas chromatography (GC) condition
Fatty acid composition of oil samples were analyzed using a GC system (Agilent 6890, Wilmington, Delware, USA) equipped with a split-splitness injector. Hewlett-Packard EL-980 flame ionization detection (FID) system was used to separate and quantify each FAMEs component. FAMEs were separated using DB-23 column (30 m × 0.25 mm, i.d. 0.25 μm polyethylene glycol film (Muskegon, Michigan, USA). Chromatography data was recorded and integrated using Chemstation software (version 6.0, Hewlett-Packard, Waldbronn, Germany). Oven temperature was held at 50°C for 1 min, then increased to 175°C at 4°C/min and increased to 230°C, held for 5 min at 230°C. The temperatures of injector and detector were set at 250 and 280°C. Oil sample (1 μL) was injected with split ratio of 1:50 at column temperature of 110°C. Helium (1 ml/min) was used as carrier gas controlled at 103.4 kPa, while hydrogen and air were used for FID and was held at 275.6 kPa. FAME standards were used to determine each type of fatty acid. Identification of fatty acids of the samples was carried out by comparing the retention times of reference standards and was analyzed under the same operating conditions as those employed for FAME of the standards and was expressed in percentage.
Determination of antioxidant activities and polyphenolic contents
Extraction of phenolic compounds
Sample extracts were obtained by magnetic stirring of 2.5 g of dry fruits powder with 25 ml of pure methanol for 30 min (Mau et al., 2005) . All extracts were kept for 24 h at 4°C, filtered through a Whattman No. 4 filter paper, and evaporated under vacuum to dryness. They were stored at 4°C until analysis began.
DPPH radical-scavenging activity
The DPPH quenching ability of plant extracts was measured according to Hanato et al. (1988) . One ml of the extract at different concentrations was added to 0.25 ml of a DPPH methanolic solution. The mixture was shaken vigorously and left standing at room temperature for 30 min in the dark. The absorbance of the resulting solution was then measured at 517 nm. The ability to scavenge the DPPH radical was calculated using the following equation:
Where, A 0 is the absorbance of the control at 30 min, and A 1 is the absorbance of the sample at 30 min. All samples were analyzed in three replications. A higher percentage value corresponds to a higher antiradical activity of plant extract.
Iron reducing power
The capacity of plant extracts to reduce Fe 3+ was assessed by the method of Oyaizu (1986) . Methanol extract (1 ml) was mixed with Rabhi et al. 5877
2.5 ml of sodium phosphate buffer (0.2 M, pH 6.6) and 2.5 ml of 1% potassium ferricyanide, and the mixture was incubated at 50°C for 20 min. After that, 2.5 ml of 10% trichloroacetic acid were added, and the mixture was centrifuged at 650 × g for 10 min. The upper layer fraction (2.5 ml) was mixed with 2.5 ml of deionised water and 0.5 ml of ferric chloride and thoroughly mixed. The absorbance was measured at 700 nm and ascorbic acid was used as a positive control. A higher absorbance indicates a higher reducing power.
The results are expressed in µg/ml values.
β-Carotene bleaching test (BCBT)
A modification of the method described by Koleva et al. (2002) was employed. β-Carotene (2 mg) was dissolved in 20 ml chloroform. To 4 ml of this solution, linoleic acid (40 mg) and Tween 40 (400 mg) were added. Chloroform was evaporated under vacuum at 40°C and 100 ml of oxygenated ultra-pure water was added, then the emulsion was vigorously shaken. An aliquot (150 μL) of the βcarotene: linoleic acid emulsion was distributed in each of the wells of 96-well micro titre plates and fruits methanolic extracts (10 μL) were added. Three replicates were prepared for each of the samples. The micro titre plates were incubated at 50°C for 120 min, and the absorbance was measured using a model EAR 400 micro titre reader (Labsystems Multiskan MS) at 470 nm. Readings of all samples were performed immediately (t = 0 min) and after 120 min of incubation. The antioxidant activity (AA) of the extracts was evaluated in term of β-carotene blanching using the following formula:
Where, A 0 is the absorbance of the sample at 0 min, and A 1 is the absorbance of the sample at 120 min. The results are expressed in percentage.
Screening for antimicrobial activity
The antibacterial activity of fruit extracts was assessed by the agar disk diffusion assay (Mann, 2004) against four human pathogenic bacteria: Gram-positive cocci including Staphylococcus aureus (ATCC 25923) and Gram-negative bacteria including Escherichia coli (ATCC 35218), Enterococcus facium, and Salmonelle typhi. The bacterial strains were first grown on Muller Hinton medium at 37°C for 24 h prior to seeding onto the nutrient agar. One or several colonies of the indicator bacteria were transferred into API suspension medium (Bio Mérieux) and adjusted to the 0.5
McFarland turbidity standard with a Dens mat (Bio Mérieux). A sterile filter disc with 6 mm in diameter (What man paper no. 3) was placed on the infusion agar seeded with bacteria, and 10 μL of several extract concentrations were dropped onto each paper disc, representing. The treated Petri dishes were kept at 4°C for 1 h, and incubated at 37°C for 24 h. The antibacterial activity was assessed by measuring the zone of growth inhibition surrounding the discs. Standard discs of gentamycin (10 UI) served as positive antibiotic controls according to CASFM 2005 guidelines. Discs with 10 μL of pure methanol were used as negative controls. For the antifungal activity, the agar-disc diffusion method was used as previously described (Cox et al., 2000) . One Candida strains (Candida albicans) was first grown on Sabouraud chloramphenicol agar plate at 30°C for 18 to 24 h. Several colonies were transferred into API suspension medium and adjusted to two McFarland turbidity standards. The Inoculate of the respective yeasts were streaked onto Sabouraud chloramphenicol agar plates at 30°C using a sterile swab and then dried. A sterile filter disc, diameter 6 mm (What man paper no. 3) was placed in the plate. Ten micro litres of extract concentration were dropped on each paper disc. The treated Petri dishes were placed at 4°C for 1 to 2 h and then incubated at 37°C for 18 to 24 h. As for the antibacterial activity, the antifungal one was evaluated by measuring the diameter of the growth inhibition zone around the discs. The susceptibility of the standard was determined using a disc paper containing 20 μg of amphoterecin B. Each experiment was carried out in triplicate and the mean diameter of the inhibition zone was recorded.
Colorimetric quantification of phenolics
Determination of total polyphenol content
An aliquot of 125 μL of diluted extract were added to 500 μL of distilled water and 125 μL of the Folin-Ciocalteu reagent. The mixture was shaken, before adding 1250 μL Na 2 CO 3 (7%), adjusting with distilled water to a final volume of 3 mL, and mixed thoroughly. After incubation for 90 min at 23°C in the dark, the absorbance versus prepared blank was read at 760 nm (Dewanto et al., 2002) . Total phenol content of fruits was expressed as mg gallic acid equivalents per gram of dry weight (mg GAE/g DW) through the calibration curve with gallic acid, ranging from 0 to 400 μg/mL. All samples were analysed in triplicate.
Estimation of total flavonoid content
Total flavonoids were measured by a colorimetric assay (Dewanto et al., 2002) . An aliquot of diluted sample or standard solution of (+)-catechin was added to a 75 μL of NaNO 2 solution (5%), and mixed for 6 min before adding 0.15 ml AlCl 3 (10%). After 5 min, 0.5 ml of NaOH was added. The final volume was adjusted to 2.5 ml with distilled water and thoroughly mixed. Absorbance of the mixture was determined at 510 nm against the blank where the sample was omitted. Total flavonoid content was expressed as mg catechin per gram of DW (mg CE/g DW), through the calibration curve of (+)-catechin, ranging from 0 to 400 μg/mL. All samples were analysed in triplicate.
Quantification of total condensed tannins
To 50 μL of properly diluted sample, 3 ml of 4% vanillin solution in methanol and 1.5 ml of concentrated hydrochloric acid were added (Sun et al., 1998) . The mixture was allowed to stand for 15 min, and the absorption was measured at 500 nm against methanol as a blank. The amount of total condensed tannins is expressed as mg (+)-catechin/g DW. The calibration curve range of catechin was established between 0 and 400 μg/ml. All samples were analysed in triplicate.
Statistical analysis
For all cultivars parameters, three replicates were used. To determine their relative variability on phenol content, fatty acid composition, antioxidant and antibacterial activities. Analysis of variance (ANOVA) was achieved for whole data, using the XLSTAT statistical program. Means were compared using the Newman-Keuls (SNK) test at the P<0.05 level, when significant differences were found.
RESULTS
Fatty acid compositions
In our study, the fatty acid composition differed greatly between O. ficus-indica fruit depending on pulp colour and ripening time. Typical CpG chromatogram of fruit extracts is presented in Table 1 . Thirteen (13) fatty acids were identified in fruit (pulp and seed) extracts. Major fatty acids were significantly different when comparing the ecotypes. Wherein the analysis of FAME exhibited that the major fatty acids in summer crop are linoleic C18:2 (Ω6) (55.40; 58.41 and 59.05 %) followed by oleic C18:1 (18.88; 24.59 and 16.90%) and palmitic acids C16:0 (12.48; 12.15 and 12.0 4%) for RFA; BFA and GFA, respectively. The fatty acid composition of RFN presented nearly the similar trends to that of summer crop with linoleic C18:2 (Ω6) (64.60%) followed by oleic C18:1 (18.46%) and palmitic C16:0 (11.44%) acids. Whereas the major fatty acids in GFN are oleic C18:1 (63.57%) followed by stearic C18:0 (19.32%) and myristic C14:0 (11.44%) acids. Results analysis illustrate that "scozolatturae" technique probably had an effect on linoleic and myristic acids composition of Gialla fruit collected in November as compared to those harvested in August.
Antioxidant activities
Antiradical activity
DPPH is a free radical and accepts an electron or hydrogen radical to become a stable diamagnetic molecule (Soares et al., 1997) . The reduction capability of DPPH radical was determined by the decrease in absorbance induced by plant antioxidants. BHT was the reagent used as standard. The scavenging effect of methanol extracts and standard on the DPPH radical expressed in percentage was in the following order: Bianca fruit collected in August (96.14%) > Gialla fruit collected in August (93.15%) > Rossa fruit collected in August (93.15%) Rossa fruit collected in November (85.51%) Bianca fruit collected in November (39.65%) Gialla fruit collected in November (32.37%) ( Figure 1A) . The experimental data of this species reveals that ecotype extracts have a stronger effect of scavenging free radical than positive control BHT (79.75%).
Iron reducing power
Another reaction pathway in electron donation is the reduction of an oxidized antioxidant molecule to regenerate the ''active" reduced antioxidant. Iron reducing power values of all tested samples were ranged from 0.04 to 0.55 μg mL −1 and arranged in the following increasing efficiency order: ascorbic acid (1.32 μg ml −1 ) > Bianca fruit (August) (0.55 μg ml −1 ) > Gialla fruit (August) (0.45 μg ml −1 ) > Rossa fruit (August) (0.16 μg ml −1 ) > Rossa fruit (November) (0.10 μg ml −1 ) > Bianca fruit (November) (0.05 μg ml −1 ) > Gialla fruit (November) (0.04 μg ml −1 ). As shown in (Figure 1B) , the reducing power of fruits collected in August extracts was clearly more important than fruits collected in November extracts. Nonetheless, the ascorbic acid (positive control) concentration required to reduce the ferric iron was higher (1.32 μg/ ml) than all extracts, indicating probably a low activity.
Antioxidant assay using β-carotene linoleate system
In this model, β-carotene undergoes rapid discoloration in the absence of an antioxidant. The presence of an antioxi-dant such as phenolics can hinder the extent of βcarotene destruction by ''neutralizing" the linoleate free radical and any other free radicals formed within the system (Kamath and Rajini, 2007) . Figure 1C This method showed significant differences between the different ecotypes. Indeed, fruits collected in November were statistically as efficient as those collected in August. Table 2 shows the antibacterial activities of O. ficusindica fruits measured by the agar diffusion method against selected pathogenic bacteria. The mean inhibition zone for all bacteria treated with Rossa fruit extracts varied from 9.33 to 12 mm and from 7.33 to 11 mm at 50 mg/l treated with Bianca fruit varied from 8.33 to 10.33 mm and from 7.33 to 10 mm and treated with Gialla fruit varied from 6.33 to 8mm and from 5.33 to 7 mm, respectively for ecotype collected in November and ecotype collected in August.
Antimicrobial activity
The strongest activity was recorded against Enterococcus facium for the two ecotypes with an inhibition zone equal to 12 and 11 mm, respectively for RFN and RFA. Pertaining to antifungal tests, fruit extracts concentration (50 mg/ml) inhibit Candida albicans growth with an inhibition zone equal to 9.33 and 7.33 mm, respectively for RFN and RFA. These results suggest in one hand that "scozolatturae technique" had an impact on antibacterial activities of O. ficus-indica fruit, in the other hand that methanolic extracts of fruit were more efficient to inhibit bacterial growth than fungal one for the two ecotypes, probably in relation to their active molecules.
Analysis and quantification of phenolic compounds
Total phenolics contents in Opuntia ficus-indica fruit
Results of total phenolic, flavonoid, and condensed tannin quantifications are represented in Figure 2 . Total phenolic content measured on O. ficus-indica fruit varied significantly depending on ripening-time and on ecotypes and ranged from 2.61 to 15.48 mg GAE g −1 DW. Among ecotypes, RFA was the richest in phenolics.
They were significantly decreased in the order: RFA (15.48 mg GAE g −1 DW) > GFA (7.31 mg GAE g −1 DW) > GFN (3.89 mg GAE g −1 DW) > BFA (3.13 mg GAE g −1 DW) > BFN (2.90 mg GAE g −1 DW) > RFN (2.61 mg GAE g −1 DW). 
Total flavonoid content of Opuntia ficus-indica extracts
Variability of total flavonoid contents presented similar trends to that of total polyphenols. Thus, Fruits collected in August had the highest total flavonoids. Total flavonoid values were significantly decreased in the order: GFA (5.43 mg CE g −1 DW) > RFA (3.79 mg CE g −1 DW) > BFA Table 2 . Antimicrobial activity of Opuntia ficus-indica fruit extracts against five human pathogen bacteria, compared to that of positive standard (gentamycin) at 50 mg/ml. Inhibition zone calculated in diameter around the disc (mm ± SD). (3.41 mg CE g −1 DW) > GFN (1.49 mg CE g −1 DW) > BFN (1.42 mg CE g −1 DW) > RFN (1.14 mg CE g −1 DW).
Bacterial strain
Diameter of growth inhibition (mm ± SD)
Condensed tannins in methanolic extract
Condensed tannin content measured varied significantly, depending on ripening-time and on ecotypes and ranged from 0.40 to 0.11 mg CE g −1 DW. Hence, Gialla and Rossa fruit collected in August displayed the highest values (0.40 and 0. 37 mg CE g −1 DW, respectively) as compared to Bianca fruit collected in August (0.11 mg CE g −1 DW).
DISCUSSION
For a plant to be suitable for oil production, it must meet the following two criteria:
1. The oil content must reach the minimum for commercially viable exploitation, and 2. The plant must be suitable for high acreage cultivation.
The only exceptions are plants that contain oils or fats unique in their composition or with properties that cannot be found elsewhere (Bockisch, 1998) . Cactus pear pulp which resembles the edible part of the fruit can be divided into seeds (15%) and strained pulp (85%), the latter being the basis for fruit and juice products. It is find that seeds contain the maximum amount of oil (98.8 g/kg dry weight) while total lipid, recovered from lyophilised strained pulp, accounted for 8.70 g/kg. It is well known that the mesocarp, or pulp, of fruits generally contains very low levels of lipid materials (0.1-1.0%) and, as such, does not constitute an important source of edible or industrial oils (Kamel and Kakuda, 2000) . Amounts of oil recovered from seeds which represent a potential source of oil, are in agreement with literature data (Pimienta-Barrios, 1994; Sawaya and Kahn, 1982) . The levels of total lipids, however, may depend on fruit cultivar, degree of ripeness and fruit processing or storage conditions. Previous data on cactus pear seed oil show rather, a similar pattern in that linoleic acid is the fatty acid marker (Sawaya and Kahn, 1982) . Fatty acid profile of seed oil evinces the lipids as a good source of the nutritionally essential linoleic acid and unsaturated oleic acid, wherein the ratio of linoleic acid to oleic acid was about 3:1. In both seed and pulp oils, linoleic acid is the dominating fatty acid, followed by palmitic and oleic acids, respectively (Ramdan, 2003) . Based on our results, high percentage of palmitic acid (C16:0) in Rossa fruit oil can be exploited as new source of vegetable oil. Additionally, the high palmitic and linoleic acids content will be advantageous in hyperchlosterolicmic conditions (Kuti, 1992; . Additionally, our findings show that Opuntia oil may possess comparable nutritional content, as the palm oil, which has been extensively accepted and used as cooking oil in various food applications; due to its superior frying quality and oxidative stability owing to high content of monounsaturated and saturated fatty acids (Saenz et al., 1993) . As recommended by the National Cholesterol Education Program/American Heart Association, C16:0 and C18:0 are best saturated fatty acid (SFA) from natural source (Odoux and Dominguez, 1996) . It is found that antioxidant molecules such as ascorbic acid, tocopherol, flavonoids, and tannins reduce and decolourize DPPH due to their hydrogen donating ability (Kumaran and Karunakaran, 2007) . Phenolic compounds of the O. ficus-indica fruit extracts were probably involved in their antiradical activity. Several studies attributed the inhibitory effect of plant extracts against bacterial pathogens to their phenolic composition (Kamath and Rajini, 2007; Espinet al., 2007) . The inhibitory effect of these phenolics could be explained by adsorption to cell membranes, interaction with enzymes, substrate and metal ion deprivation (Naczk and Shahidi, 2006) .
Our results suggest that the antibacterial capacity needed, as compared to antioxidant activity, which has a good efficiency with crude extracts of O. ficus-indica fruit, more concentration and even purification of phenolic compounds. In fact, numerous studies evocate the analgesic and anti-inflammatory actions of the genus Opuntia by using the phytosterols from fruit and stem extract (Parck et al., 1998) . Gastric lesions in rat animal studies were reduced both by stem and fruit powder (Lee et al., 2001; 2002) . Besides, the ethanol extract of O. ficus-indica fruits inhibited the writhing syndrome induced by acetic acid, indicating that, they contain analgesic effect (Parck et al., 1998) . Hence, our findings shows that ripening time, climatic conditions and cultivars had significantly and differently affect phenol content of O. ficus-indica fruits compared with those harvested in August in Morocco by Maataoui et al. 2006 (0. 2 and 0.28 mg/100 ml for Gialla and purple, respectively). Moreover, total phenolic content of RFA was higher than that reported by Stintzing et al. (2005) of 660 mg/l, by Morales (2007) of 777.4 mg/l and by (Maataoui et al., 2006) of 0.2 and 0.28 mg/100 ml for Gialla and Rossa fruit, respectively. Results depicted also, that summer crop displayed much higher polyphenol content than those collected in November. Probably, this can be attributed to the "scozolattura" technique, which had a positive impact on fruit size other than seems to exert a negative effect on phenol content. Accordingly, it could be a positive relationship between the intensity of solar radiation and the quantity of phenollics produced by plants (Niknam and Ebrahimzadeh, 2002) . A rise in total phenolics was generally found in plants grown in sunny situations relative to shady ones, and such relationship could also be seen at the intraindividual level by comparing plant parts exposed to different amounts of light. It seems that rainfall scarcity and long light exposure may be involved in the activation of phenol biosynthesis (Naczk and Shahidi, 2006) . Actually, plant species have inherent physiological differences, as a result of interactions with their environment (Taulavuori et al., 2010) . These differences may be reflected by the presence of various chemical compounds that provide information regarding the ecotype conditions (Taulavuori et al., 2010) . Moreover, BFA displayed the highest polyphenol content and the lowest antiradical activity; which may probably depend in one hand on phenolic nature rather than quantity and in other hand, on fatty acid composition. Previous results in cactus pear, Galati et al. (2003) analyzed O. ficus-indica (L.) Mill. juices (95% yellow and 5% red cultivars) and they identified the presence of major flavonoids, isoharmnetin triglycoside, rutin and kaempferol, as the main watersoluble constituents. Total flavonoid content corresponds to 652.5 µg/ml and ascorbic acid concentration is 26.9 mg/100 ml of juice. Many types of flavonoids have been reported in Opuntia sp. and an important role has been proposed for their presence as the main responsible of the antioxidant power of its extracts . Their chemical structure and concentration are very variable and depend on the variety, ripening stages and the kind of tissue of the plants (Wallace, 1986) 3-Oglycosilated flavonols, dihydroflavonols, flavonones and flavonols have been found in Cactaceae plants and fruits (Kuti, 2000) .
Recent studies have shown that many flavonoids and related polyphenols contribute significantly to the total antioxidant activity of many fruits, such as, red grape (Negro et al., 2003) , vegetables (Luo et al., 2002) and medicinal plants (Bourgou et al., 2008) and shows that plant flavonoid levels can be influenced by environmental factors such as light, temperature, and mineral nutrition (Jaakola et al., 2002) . Accordingly, flavonoid contents were higher in plants growing in more stressful climatic conditions (Tunisia) than those coming from more appropriate environment (Texas). In this way, Rodrigues et al. (2011) suggested that the high levels of red onion flavonols are probably related to the high radiation and low rainfall during growing season. Moreover, Germ et al. (2010) showed that the subjection of Hypericum perforatum to increasing doses of UV radiation significantly increased its foliar flavonoids (from 6.5 to 9 g 100 g −1 DW). Several authors have reported a positive and significant relationship between the antioxidant components including phenols, polyphenols and tannins, respectively with the reducing power and DPPH radical scavenging capacity (Connan et al., 2006; Huang et al., 2005) . It is extremely important to point out that, there was a positive correlation between antioxidant potential and phenolic content estimated by the Folin-Ciocalteu method (Ksouri et al., 2007) in other species. Nevertheless, these antioxidant and antimicrobial activities depend on phenolic nature, structure and synergistic interactions (Djeridane et al., 2006) . In fact, phenolics were able to reduce damages induced in the photosynthetic systems by absorbing UV-radiation and they were produced to protect plants from stresses such as, long exposure to dryness and/or solar radiation (Macheix et al., 2005; Wahid and Ghazanfar, 2006) . In literature, phenolic compounds are assumed to directly contribute to antioxidative action since their level is strongly correlated with in vitro-measured antioxidant activities (Duh and Yen, 1999; Falleh et al., 2008) .
Overall, the literature describes that antioxidant capacities are more variable in plants of different species (inter-specific) than within the same species (intraspecific). Accordingly, previous studies had shown that the purple-skinned cactus pear varieties of Opuntia lindheimeri (from Texas) had the highest total flavonoids (93.5 ± 12.4 mg/g of fruit), followed by the green-skinned of O. ficus-indica (69.5 ± 3.8 mg/g of fruit), the redskinned of Opuntia streptacantha (54.8 ± 5.1 mg/g of fruit) and the yellows skinned of Opuntia stricta var. srticta (9.8 ± 3.0 mg/g of fruit), respectively (Kuti, 2004) .
Conclusion
The data obtained will be important as an indication of the potentially nutraceutical and economic utility of cactus pear as a new source of fruit oils and functional foods. Moreover, these results provide useful information for the industrial application of O. ficus-indica fruits. Thirteen fatty acids were identified in fruit extracts oleic, linoleic and palmitic acids were the major fatty acids. Furthermore, this species displayed a high antiradical and antibacterial activity; and possessed a high phenolic content as compared to other medicinal plants and fruits (e.g. grape or apple) or beverages (tea) well known for their richness in polyphenols. This make O. ficus-indica a novel natural source of antioxidants with numerous health benefits. Besides, purified components from fruits may be used as natural antimicrobials in food systems. This need to be confirmed in future studies.
